Biochemical and immunological characterization and the synthesis of rat intestinal glycoproteins following the induction of rapid synchronous vitamin A deficiency.
Glycoproteins and proteins were extracted from segments or scrapings of the intestine in tube-fed, vitamin-A-deficient and control rats on the eight day after withdrawal of retinoic acid from the diet by using either 1% sodium dodecyl sulfate (SDS) or aqueous 5 mM EDTA (pH 7.4). They were then fractionated on columns of Sepharose 4B. Water-soluble peak I material contained large (Mr greater than 10(6); S20 = 11.7) glycoprotein aggregates which were rich in hexose, fucose and sialic acid. These aggregates dissociated into several non-identical glycoprotein and protein subunits upon treatment with dithiothreitol. The protein matrix was rich in threonine, valine, proline, serine, glutamate and aspartate. Peak II consisted of smaller proteins and glycoproteins, the latter with much lower carbohydrate content. Some peak II glycoproteins also dissociated into subunits in the presence of dithiothreitol. Peak III consisted mainly of a heterogeneous assortment of proteins, including some glycoproteins of low carbohydrate content. Antibodies either to peak Ii or to peak III reacted both with peaks II and III but not with peak I. The total weight, carbohydrate composition of glycoproteins and the ratio of carbohydrate to protein in the total extract or in each of the three fractions were not significantly affected in vitamin A deficiency despite decreased incorporation of all labeled precursors. Rather, the relatively lower incorporation (approx. 0.8) of radioactive sulfate, D-glucosamine and L-fucose into total SDS-soluble duodenal glycoproteins of vitamin-A-deficient rats could be explained on the basis of a reduced prevalence of goblet cells alone. In contrast, the relative incorporation rate of L-fucose into peak I, but not into peaks II and III, ranged from 0.25 to 0.45, less than expected on the basis of fewer goblet cells alone. The incorporation of radioactive threonine into all protein fractions was reduced to 60% of normal in vitamin A deficiency. Thus, the well established observation that intestinal tissue of vitamin-A-deficient rats synthesizes high molecular weight glycoproteins poorly might be due to several interacting factors: (1) a reduced prevalence of goblet cells, (2) a lower rate of protein synthesis, (3) a lack of retinyl phosphate for the conformation of mannosyl or other carbohydrate derivatives, and (4) secondary, and as yet undefined, cellular changes which preferentially reduce the rate of synthesis of high molecular weight fucose- and sialic-acid-enriched glycoproteins.